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Resume
Silicon-based modern devices are required high operating velocities with low
background of noise, high operating frequencies (>tens GHz), low cost. So there is
high interest in silicon bulk crystals and structures doped by isovalent elements,
mainly, carbon and germanium. They form elastic deformation fields and change

29



conditions of point defects generation and motion. Si-Ge alloys in solid states are
characterized by complete intersolubility of components. This circumstance causes
wide application perspectives of Si-Ge alloys bulk crystals and epitaxial structures
in modern semiconducting devices and equipments.

Present work deals with investigations of structural defects, dynamic and static
microhardness and elasticity modulus, torsion oscillation damping relaxation and
phase transformation type processes, dynamic shear modulus, optical
photosensitivity spectra near infrared radiation range of p-n junctions, formed by
hightemperature diffusion of monocrystalline SiixGex (0<x<0,02) alloys with p-
and n-types electric conductivity .

Bulk crystals of boron doped Si-Ge alloys with different Ge concentration have
been grown by the crystallization-Czochralski method in [111] crystallographic
direction.

Contribution of temperature fluctuations on formation of real structural state,
characteristic for Si-Ge substrates , in a process of elastic deformation and
crystallization, localized in crystalline lattice near dopant impurities (B, Ge) has
been discussed.

Elcetrophysical characteristics of Si-Ge substrates in initial and thermally
treated have been determined by Hall effect registration Van der Pauw method at
room temperatures.

Contribution of surface and volume structural defects in changing of physical-
mechanical characteristics of Si-Ge substrates have been analyzed. Regularities of
changing dynamic shear modulus of Si-Ge substrates in a wide range of
temperature and amplitude deformation doped by boron and germanium have
been studied. Decrease of absolute values of dynamic shear modulus has been
revealed by increasing Ge concentration. In temperature increasing conditions ,
nonmonotonous change of dynamic shear modulus has been shown. Dynamic
shear modulus increases by 12-15% in Si-Ge alloys doped by high concentration of
boron (<10®cm™), but with small concentration of boron (>10%cm?) on the
contrary, its values decrease. Regularities of changing critical strain amplitude in
boron and germanium doped Si-Ge substrates have been established, dislocation
mechanisms of deteriorating dynamical strength by thermal treatment at high
temperatures have been analyzed. Contribution of point defects and oxygen-
containing dispersive phases in dislocation blocking and dynamical strengthening
of Si-Ge alloys has been analyzed.

Low frequency (0,5-5,0Hz) internal friction and dynamic shear modulus
temperature spectra of monocrystalline Si+2at%Ge substrate have been studied.
Relaxation and hysteretic internal friction processes and modulus defects
stipulated by generation, motion and interaction of individual and pair kinks on
various dislocations have been revealed. Dynamic strengthening of the structure is
revealed in areas of 250-320°C, 450 and 500-550°C temperatures. Mentioned
changes are stipulate by diffusion of defects in direction of dislocation cores,
resulting in blocking dislocations and increasing the values of dynamic shear
modulus, therefore dynamic strengthening of structure takes place. It is
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experimentally established, that it is possible to control mechanical properties of
Si-Ge alloys by changing boron and germanium concentrations, that is important
for yielding of samples and improving mechanical properties.

Studying of changes of static and dynamic microhardness and indentation
modulus of Si-Ge substrates doped by germanium and boron has been carried out
by Knoop, Berkovich and Vickers methods at the room temperature on dynamic
ultra-micro hardness tester DUH-211S. Increasing regularities of static and
dynamic microhardness has been established by increasing Ge concentration.
Different character of microhardness changes at various velocities of indenter
penetration in crystal has been shown. Direct and indirect “Indentation Size
Effect” has been revealed in upper layers by the influence of small loadings. It is
reflected in increasing and decreasing of microhardness and indentation modulus
during penetration of indenter in crystal depth.

It is shown that microhardness and indentation modulus practically slowly
decline in a whole range of penetration depth in crystals by deterioration of
polishing degree of substrate surface and increase of Ge concentration, that is
preferentially stipulated by formation of high mobility defects and elastic
deformation fields near of Ge atoms, those weaken inter-atomic bonding forces.

Non-monotonous changes of isochronal annealing temperature dependence of
Knoop microhardness of p-type Si-Ge substrates and p-n junctions based on them
were revealed in 200-260°C temperature interval. Penetration of indenter in
crystal is fixed in upper n- layer in p-n junction, and also in its area and p-type
substrate. In all cases, in the abovementioned temperature interval, anomalous
changes of microhardness dependence on isochronal annealing temperature  has
been revealed, that indicates on transformation processes in radiation defects.
Based on generalization of the known investigation results of radiation defects
formed in Si and Si-Ge alloys crystalline lattice it is real to suppose, that in 200-
260°C temperature interval, in isochronal annealing process of Si-Ge substrates,
irradiated by electrons, annealing of vacancy-phosphorus, vacancy-oxygen and
divacancies is taking place simultaneously. At this stage contribution of radiation
defects in nonmonotonous changes of microhardness is very difficult and requires
a systematic study.

It is shown, that p-n junctions formed on p-type Si-Ge substrates by
hightemperature diffusion of phosphorus are characterized by photosensitivity
maximum in near-infrared radiation area of 2-2,4um, which intensity significantly
increases by the influence of high-energy electrons irradiation. It is resistant to
thermal annealing at 400°C temperature for 1hr.

Presented works reveal the role of defects formed by thermal, radiation and
deformation in modification of structural-sensitive physical-mechanical and
electrophysical properties of substrates and p-n structures of Si-Ge alloys. This
circumstance is very important for modification of p-n junctions characteristics
formed on Si-Ge alloys substrates with determining electrophysical properties.
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